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(54) OPTICAL ISOMER SEPARATION PACKING FOR SIMULATED MOVING BED 
CHROMATOGRAPHY 



(57) The present invention provides a filler having a high productivity suitable for preparative separation by simu- 
laled moving bed chromatography. That Is, there is provided a filler for enantiomeric isomer separation by simulated 
moving bed chromatography, which has a porous carrier carrying a polysaccharide derivative thereon and has a TS 
coefficient in a range of 0.55 to 1 .20, the TS coefficient being defined by the below-shown fomnula (I), abd obtained 
by using an enantiomeric isomer separation column for simulated moving bed chromatography in which the filler is 
filled In a column tube by a slurry filling method: 



TS coefficient = [Vc - [t(TS) - t(blank)] x FR] / [t(TS) - 1 (blank)l 

X FR (I) 

(wherein abbreviations mean the following: 

Vc (cnri^): a column volume; 
FR (ml/mln.): a flow velocity; 

t(TS) (min.): an elutlon time for letrakis(trimethylsilyl)si lane (= TS); and 

t(blank) (mIn.): an elutlon time for TS In the state where the column is not connected). 



148635SA1 I > 



Printed by Jouvo, 75001 PARIS (FR) 



EP 1 496 356 A1 



10 



40 



55 



Description 

Field of thie Invention: 

[0001] The present invention relates to a filler for enantiomeric tsonner separation, in particular a filler for enantiomeric 
isomer separation for simulated moving bed chromatography, which is suitable for preparative separation of enantio- 
meric isomers by simulated moving bed chromatography. The present invention also relates to a method of producing 
such a filler for separation, to an enantiomeric isomer separation column for simulated moving bed chromatography 
using such a filler for separation, and to a method of separating enantiomeric isomers using them. 

Prior Art: 



[0002] Organic compounds have many enantiomeric Isomers that have exactly the same physical and chemical 
properties with respect to the boiling point, melting point and solubility but have different physiological activities. Proteins 

*5 composed of L-amino acids are important constituents of organisms; high-dimensional asymmetric spaces constructed 
by these proteins recognize organic compounds differently, which results in expression of different physiological ac- 
tivities. In the case of phamnaceuticals, differences in pharmacological activities due to easiness of their binding to 
specified receptors in an organism have been studied and cases where significant differences In efficacy or toxicity 
are observed belween enanliomeric isomers are well known. Under Ihe circumstances, Guideline for the Production 

20 of Pharmaceuticals issued by Ministry of Health, Labour and Welfare describes that "in the case where the drug is of 
a racemicform, it is desirable that absorption, distribution, metabolism, and excretion i<lnetics of each isomer be studied 
in advance". 

[0003] Since as described above the physical and chemical properties of enantiomeric isomers are exactly the same, 
analysis cannot be performed by ordinary separation means and accordingly studies have been intensely made on a 

25 technique for easily and precisely analyzing a wide variety of enantiomeric isomers. As a result, as an analyzing tech- 
nique that meets these requirements, an optical separation method by high performance liquid chromatography 
(HPLC) , in particular an optical separation method by use of a chiral column for HPLC has been developed. The term 
"chlral column" as used herein refers to a column with an asymmetry recognition agent (or chiral selector) itself or with 
a chiral stationary phase composed of a carrier having carried thereon an asymmetry recognition agent. For example, 

30 optically active poly(triphenylmethyl methacryiate) (JP 67-150432 A), cellulose or amylose derivative (Y Okamoto, M. 
Kawashlma and K. Hatada, J. Am. Chem. Soc, 106. 5337, 1984), ovomucoid, which Is a protein (JP 63-307829 A) 
and so on have been developed. 

[0004] Among these chiral stationary phases for HPLC, optical separation columns with a silica gel carrying a cel- 
lulose or amylose derivative thereon are known to have high asymmetry recognition ability for a very wide variety of 
35 compounds. Furthermore, studies on industrial-scale liquid preparative chromatography of optically active substances 
by using the above-mentioned chiral stationary phase for HPLC and simulated moving bed method in combination 
have been in progress (Pharm Tech Japan, vol. 12, 43(1996)). 



Disclosure of the Invention: 



[0005] An object of the present invention is to provide a fillerfor enantiomeric isomer separation for simulated moving 
bed chromatography, having high productivity suitable for preparative separation by simulated moving bed chroma- 
tography. 

[0006] Another obj ect of the present invention Is to provide a method of producing a filler for such a separation. 
45 [0007] Still another object of the present invention Is to provide an enantiomeric Isomer separation column for sim- 
ulated moving bed chromatography using the separation filler. 

[0008] Yel another object of the present Invention Is lo provide a method of separating an enantiomeric isomer using 
them. 

[0009] Therefore, according to the present invention, there is provided a filler for enantiomeric isomer separation for 
50 simulated moving bed chromatography having a porous earner carrying a polysaccharide derivative thereon, charac- 
terized in that the filler has a TS coefficient In a range of 0.55 to 1 .20, the TS coefficient being defined by the below- 
shown formula (I), and obtained by using an enantiomeric isomer separation column for simulated moving bod chro- 
matography in which the filler Is filled in a column tube by a slurry filling method: 



TS coefficient = [Vc - [t(TS) - 1 (blank) ] x FR] / [t(TS) - t(blank)] 

X FR (I) 
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(wherein abbreviations mean the following: 

Vc (cm3): a column volume; 
FR (ml/mln.): a flow velocity; 
5 t(TS) (min.): an elution time for tetrakis(trimethylsllyl)silane (= TS); and 

t(blank) (min.): an elution time for TS in the state where the column is not connected. 

[0010] In the present Invention, TS coefficient Is a value measured under the following conditions). 

10 <TS Coefficient Measuring Conditlons> 

[0011] 

Analyzer: HPLC apparatus; 
15 Detector: UV detector, detection being performed at a wavelength of 210 nm; 

Moving phase: n-Hexane/2-propanol = 9/1 (v/v) 
Temperature: 2S°C] 

Flow velocity: 1/4 to 1/9 of column volume Vc (cm^). 

Charge amount of TS: a TS solution having dissolved therein 5.0 mg/ml of TS In the moving phase is charged in 
20 1/300 to 1/600 of the column volume. 

[0012] The TS coefficient" Is a parameter that Indicates separation ability of enantiomeric Isomers derived by ana- 
lyzing elution time of tetrakfs(trimethylsilyl)silane, which is an evaluation sample having structurally important charac- 
toristics, and calculating it based on a standardized calculation formula. It indicates that a filler having a specified 
numerical range of this parameter (TS coefficient = 0.55 to 1 .20) Is very useful as means for producing optically active 
substances, in particular in HPLC preparative separation of enantiomeric Isomers. At present, the following three rea- 
sons may be given as conceivable reasons for the usefulness of TS coefficient as an effective parameter. 

^ (1 ) TS is a molecule having four bulky trimethylsllyl groups, which is relatively large in molecular size. Because of 
50 its symmetry, the configuration of molecule is of a structure close to a sphere. When a predetennined amount of 

TS is charged. TS interacts with pores on the surface of a porous carrier which have a size suitable for enantiomeric 
Isomer separation of low molecular substances, depending on Its size and shape and Is eluted from the packed 
column. This is just like TS observing the surface state of the filler based on the principle of size exclusion chro- 
matography or the like. It is presumed that a filler having shorter elution time than a specified elution time is a filler 
35 (porous carrier canying thereon a polysaccharide derivative) having a smooth surface and hence having a con- 

figuration unsuitable for enantiomeric isomer recognition. On the contrary, a filler having an elution time longer 
than a specified elution time has a surface that is too rough for performing uniform molecule recogn ition , suggesting 
that it is disadvantageous for enantiomeric isomer recognition. 

(2) Since TS is a compound containing five silicon atoms, it can interact with silane compound of silica gel that Is 
usually in common use as a porous carrier (It is often the case that silica gel is surface-treated with a silane 
compound). Based on the extremely weak interaction, it is possible to estimate the ratio of abundance of carrier 
silica gel to that of polysaccharide derivative In the pore cavity of the carrier and existence of exposed silica gel 
site due to deviation In abundance of polysaccharide derivative. For example, If a filler has an elution time longer 
than a specified elution time, It indicates that the silicon on the silica gel and TS excessively interact with each 
other. It Is conceivable that this Indteates nonspecific adsorption by silica gel Irrelevant to asymmetry recognition 
or non-uniform coating of polysaccharide derivative due to existence of exposed silica gel. 

(3) TS has no funcUonal group that can participate in inleraclions generally said lo have a high energy, such as 
hydrogen bond interaction and dipole interaction. In particular, when a nonpolar solvent is used as a moving phase, 
the abundance equilibrium of TS between the stationary phase (filler) and moving phase (eluant) Is considered to 

50 be biased toward the moving phase side. 

[0013] Particularly, in an ovcrioadod state (state where a high pressure is loaded) at the time of HPLC preparative 
separation, the abundance equilibrium of TS biased toward the moving phase side results in an unstable elution time. 
However, even in an overioaded state, if the abundance ratio between space volume and polysaccharide derivative 
55 volume is appropriate in the inside of pores of porous carrier, the elution time becomes stable. Therefore, the abundance 
ratio can be estimated from an elution time, which becomes an Important index for evaluating whether an HPLC pre- 
parative separation filler is suitable. 

[001 4] As stated above, TS coefficient is not only a parameter showing the separation ability for enantiomeric Isomers 
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but also a parameter that shows the carrying state of polysaccharide derivative on the surface of the porous carrier. A 
method of producing a filler having the same TS coefficient cannot be achieved merely by using the same amount of 
polysaccharide derivative. Obtaining unifomn canying techniques by coating conditions such as control of smoothness 
or roughness of the surface state of filler, a good stirring method, stirring mode, number of coating, and amount of 

5 coating solvent, is also an important requirement. The above-mentioned numerous complex interactions can be esti- 
mated from the elution time of TS, which is structurally the most suitable compound among an extremely large number 
of index compounds, and from TS coefficient obtained based thereon according to a calculation formula set up for 
standardizing various packing columns. Fillers whose TS coefficient is in a specified range exhibit excellent perform- 
ance particularly as a filler for HPLC preparative separation. 

10 [001 5] Accordingly, in the present invention, TS coefficient has been introduced in orderto makeclear the relationship 
between the porosity and separation ability of porous carrier. For example, measurement of TS coefficient for a part 
of fillers In the same production lot enables one to confinn the separation ability of all the fillers in that production lot. 
This can significantly improve the accuracy of confirmation of separation ability as compared with the conventional 
confirmation means based on the carrying amount of polysaccharide derivative. 

15 [0016] Further, according to the present Invention, there is provided a method of producing an enantiomeric isomer 
separation filter for simulated moving bed chromatography described above, the method being characterized by in- 
cluding coating a porous carrier with a polysaccharide derivative dope In a plurality of times. 

[0017] By applying such a method, control of the pore volume becomes easier so that it becomes easier to control 
the porosity of the porous carrier. This makes it easy to produce enantiomeric Isomer separation filler having a desired 

20 TS coefficient. The number of coating is preferably about 2 to 6 times, 

[0018] Further, according to the present invention, there is provided an enantiomeric isomer separation column for 
simulated moving bed chromatography which uses the above-mentioned enantiomeric isomer separation filler (here- 
inafter referred to as an "enantiomeric isomer separation column"), and a method of separating enantiomeric isomers 
characterized by including performing preparative separation of enantiomeric isomers by simulated moving bed chro- 

25 matography by using the above-mentioned enantiomeric isomer separation filler or the above-mentioned enantiomeric 
isomer separation column. 

DETAILED DESCRIPTION OF THE INVENTION 

30 [0019] The polysaccharide derivative used in the present Invention can be obtained by reacting a polysaccharide 
with a compound having a functional group reacth^e with a hydroxyl group in the polysaccharide. 
[0020] The polysaccharide to be used in the present invention may be any polysaccharide, regardless of whether it 
Is a synthetic polysaccharide, a natural polysaccharide or modified natural polysaccharide, so far as it is optically active. 
Preferably, it has high regularity in its binding fomi. 

35 [0021] Examples of the polysaccharide include p-1,4-glucan (cellulose), a-l,4-glucan (amylose, amylopectin), a- 
1,6-glucan (dextran). p-1,e-glucan (pustulan), p-1,3-glucan (for example, curdlan, schizoflHan, etc.), a-1,3-glucan, p- 
1.2-glucan (Crown Gall polysaccharide), p-1 ,4-galactan, p-1,4-mannan, a-1 ,6-mannan, p-1 ,2-fructan (inulin), p- 
2,6-fructan (levan), p-1,4-xylan, p-1,3-xylan, p-1,4-chltosan, a-1,4-N-acetylchitosan (chitin), pullulan, agarose, alginic 
acid, etc. as well as amylose-containing starch. Among these, cellulose, amylose, p-1 ,4-xylan, p-1 ,4-chitosan, chitin, 

40 p-1,4-mannan, inulin, curdlan, etc., from which high purity polysaccharides are readily available, are preferred, with 
cellulose and amylose being particulariy preferred. 

[0022] The number average degree of polymerization (average number of pyranose or furanose ring contained in 
one molecule) of these polysaccharides is preferably 5 or more, more preferably 10 or more. There Is no particular 
upper limit in the number average degree of polymerization but it is desirably 1 , 000 or less in consideration of ease 
45 of handling. 

[0023] The compound having a functional group reactive with a hydroxyl group may be any compound so far as It 
Is selected from isocyanic acid derivatives, carboxylic acids, esters, acid halides, acid amide compounds, halogen 
compounds, aldehydes, alcohols and other compounds having leaving groups. Also, aliphatic, alicyclic, aromatic, or 
heteroaromatic derivatives of these compounds may be used. 
50 [0024] Among the polysaccharide derivatives used in the present invention, particularly prefen-ed ones include car- 
bamate and ester derivatives of polysaccharides (cellulose and amylose) having 0.1 per glucose unit of a urethane 
bond or an cstor bond. 

[0025] The carrier to be used in the present invention includes porous organic carrier or porous inorganic carrier, 
with porous inorganic carrier being preferred. 
55 [0026] Suitable examples of porous organic carrier include high polymers such as polystyrene, polyacrylamide, and 
polyacrylate. Suitable examples of porous Inorganic carrier include siltea, alumina, magnesia, glass, kaolin, titanium 
oxide, silicates, hydroxy apatite, etc. 

[0027] The average particle diameter of porous carrier is preferably 1 to 300 \im, more preferably 15 to 100 ^im, still 
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more preferably 20 to 50 |im. The average pore diameter of the porous carrier is preferably 200 to 8,000 Angstroms, 
more preferably 200 to 4,000 Angstroms, still more preferably 300 to 2.000 Angstroms. Note that the particle size of 
the porous carrier substantially becomes the particle diameter of the filler. 

[0028] A particularly preferred carrier is silica geL the particle size of which is preferably 1 to 300 ^im, more preferably 
5 15 to 100 \im, still more preferably 20 to 50 M,m. The average pore size thereof is preferably 200 to 8, 000 Angstroms, 
more preferably 200 to 4, 000 Angstroms, still more preferably 300 to 2,000 Angstroms. To exclude the possible influ- 
ence of remaining silanol on the surface, it is desirable that surface treatment is performed. However, there is no 
problem if no surface treatment is performed at all. 

[0029] As the method of having a polysaccharide derivative carried on a porous carrier, a method of bringing a porous 
10 carrier into contact with a dope of a polysaccharide derivative dissolved in an organic solvent can be applied. This 
contacting method is not particularly limited and a method of stirring and contacting them in a stining type mixer can 
be applied. 

[0030] In this method, it is preferred that a method of dividing the dope Into two to six portions and contacting the 
porous carrier with the polysaccharide derivative to have it carried thereon in small amounts in, for example, two to six 

15 times be applied since the porosity can be controlled to adjust TS coefficient in a narrow range. When the dope is 
contacted per each portion in two to six times, the amount of dope in each time may be the same or different. 
[0031] The method of having a polysaccharide derivative carried on a porous can-ier may be a method of coating a 
polysaccharide derivative on a carrier and chemically bonding the can-ler and the coated polysaccharide carrier, a 
method of chemically bonding polysaccharide derivatives on a carrier to each other, a method of chemically bonding 

20 polysaccharide derivatives with a third component, a method of irradiating light on polysaccharide derivatives on a 
carrier, a method of irradiating rays such as T^rays on polysaccharide derivatives on a earner, a method of using a 
reaction caused by irradiation of electromagnetic rays such as microwave, or a method of using a radical reaction with 
a free-radical Initiator. By fomning further chemical bonds by such a method, a more fimnly fixed filler can be obtained. 
[0032] Examples of the enantiomeric isomer separation filler also include mixtures of the above-mentioned polysac- 

25 charide derivative-carrying filler and another kind of enantiomeric isomer separation filler or a filler other than enanti- 
omeric isomer separation filler, for example, silica gel surface-treated with octadecyl. 

[0033] Upon calculation of TS coefficient in the present invention, an elution time of tetrakis(trimethylsilyl)silane (here- 
inafter, referred to as 'TS") in a state where the column is connected to a liquid chromatographic apparatus and that 
in a state where the column is not connected to a liquid chromatographic apparatus are measured and the TS coefficient 
30 defined by the fomiula (I) described above is calculated by using the obtained elution times. 

[0034] The analytteal apparatus used upon this measurement is an HPLC apparatus and the detector to be used is 
a UV detector which can confimri elution of TS and detects It at a wavelength of 21 0 nm. 

[0035] The analytical conditions are the nomnal phase conditions, that is, elution is perfonned under moving phase 
conditions with a hydrophobic solvent as a main constituent. Specifically, it is a moving phase having a compositional 
35 ratio n-hexane/2-propanol = 9/1 (v/v). Preferably, the analytical temperature is room temperature (25*'C) and flow ve- 
locity is 1/4 to 1/9. particularly 1/4.15 of column volume Vc(cm3), that is, [Vcx(1/4.15)] ml/mln. Furthermore, as for the 
charge amount of TS, it is prefen-ed that aTS solution having dissolved TS in a moving phase thereof at a concentration 
of 5.0 mg/ml is placed in a volume amount 1/300 to 1/600 time, particularly 1/415 time, as large as that of the column 
volume, i.e., [Vex (1/41 5)] ml. 

40 [0036] In the present invention, it is required that the TS coefficient cateulated as described above be in a range of 
0.55 to 1 .20. and when it is in this range, good separation ability can be obtained. A preferred range of TS coefficient 
is 0.65 to 1.0, more preferably 0.60 to 1 .0, and still more preferably 0.7 to 1 .0. The TS coefficient may be in a range 
of above 1 .0 but not larger than 1 .20. 

[0037] In the present invention, the carrying amount of the polysaccharide derivative can be set in a range suitable 
45 for the preparative separation of simulated moving bed chromatography. The content of polysaccharide derivative in 
the enantiomeric Isomer separation filler Is preferably 23 to 40% by mass, more preferably 25 to 35% by mass, and 
still more preferably 27 lo 35% by mass. 

[0038] For the enantiomeric isomer separation filler of the present invention, the mass (kg) of a mixture of enantio- 
meric isomers (racemic fonn) that can be treated a day may be set to preferably 0.1 to 4 kg-rac./kg-CSP/day, more 
preferably 0.1 to 2 kg-rac7kg-CSP/day, and still more preferably 0.2 to 1.5 kg-racykg-CSP/day per 1 kg of the filler. 
[0039] Since the mass (kg) of racemte forni that can be treated a day can be set in the above-mentioned range, the 
present invention can separate racemic form less expensively than the asymmetric synthesis method or the diastcro- 
omer method. 

[0040] The enantiomeric isomer separation filler of the present Invention is preferably used for preparative separation 
column of simulated moving bed chromatography for the purpose of obtaining from several mg to several kg of optically 
active substances. 

[0041] This column has a ratio, L/D. of the length of a single column (L) to the column inner diameter (D) which is 
preferably 0.01 to 1 00. more preferably 0.01 to 60. and still more preferably 0,01 to 30 from the viewpoint of increasing 
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the separation ability thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0042] In the accompanying drawings: 

Fig. 1 is a schematic diagram illustrating one example of simulated moving bed according to the present invention; 
Fig. 2 is a schematic diagram illustrating another example of simulated moving bed according to the present in- 
vention; 

10 Fig. 3 is a chromatogram obtained In Application Example 2, by using the column of Example 1 . 

Fig. 4 Is a chromatogram obtained in Application Example 2, by using the column of Example 2. 
Fig. 5 is a chromatogram obtained in Application Example 2, by using the column of Example 3. 
Fig. 6 is a chromatogram obtained in Application Example 2, by using the column of Example 4. 
Fig. 7 is a chromatogram obtained in Application Example 2, by using the column of Example 5. 
Fig. 8 is a chromatogram obtained in Application Example 2, by using the column of Comparative Example 1 . 
Fig. 9 is a chromatogram obtained in Application Example 2, by using the column of Comparative Example 2. 
Fig. 10 is a chromatogram obtained In Application Example 2, by using the column of Comparative Example 3. 
Fig. 11 Is a chromatogram obtained in Application Example 2, by using the column of Comparative Example 4, 
Fig. 1 2 is a sketch of a continuous liquid preparative chromatography apparatus of a small-sized simulated moving 
20 bed type used in Application Example 2. 

[0043] In the drawings, 

Reference numerals 1 to 1 2: chambers containing filler (adsorption chambers), which are connected to each other; 
25 Reference numeral 13: an eluant feed line; 

Reference numeral 14: an extract drawing line; 

Reference numeral 15: an enantiomeric isomer-contalning liquid feed line; 
Reference numeral 1 6: a raffinate drawing line; 
Reference numeral 17: a recycling line; and 
30 Reference numeral 1 8: a pump. 

[0044] Adsorption separation by simulated moving bed chromatography is practiced by continuously cycling adsorp- 
tion operation, concentration operation, desorption operation, and elution and recovery operation set forth below as 
basic operations. 
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(1) Adsorption operation 



[0045] A mixture of enantiomeric isomers is contacted with an enantiomeric isomer separation filler. The enantiomeric 
isomer that tends to be readily adsorbed (strongly adsorbing components) and other enantiomeric isomers that are 
40 difficult to be adsorbed (weakly adsorbing components) are recovered together with eluant as a raffinate flow. 

(2) Concentration operation 

[0046] The enantiomeric isomer separation filler having adsorbed thereon strongly adsorbing components is con- 
45 tacted with a portion of the extract described later on to expel weakly adsorbing components remaining on the enan- 
tiomeric Isomer separation filler, thereby concentrating the strongly adsorbing components. 

(3) Desorption operation 



[0047] The enantiomeric isomer separation filler containing concentrated strongly adsorbing components Is contact- 
ed with an eluant to expel the strongly adsorbing components from the enantiomeric isomer separation filler and the 
strongly adsorbing components together with the eluant arc recovered as an extract flow. 

(4) Eluant recovery operation 

[0048] The enantiomeric isomer separation filler having adsorbed thereon substantially only an eluant Is contacted 
with a portion of the raffinate flow and a portion of the eluant contained In the enantiomeric Isomer separation filler Is 
recovered as an eluant recovery flow. 
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[0049] In adsorption separation by simulated moving bed chromatography, the number of columns, i.e., those having 
the above-mentioned UD ratio used upon performing the above-mentioned adsorption operation, concentration oper- 
ation, desorption operation and elution recovery operation is preferably from 3 to 36 in total, more preferably from 3 to 
1 8 and still more preferably from 3 to 1 2. 

[0050] Hereinafter simulated moving bed chromatography wilt be illustrated based on the drawings. Fig. 1 is a sche- 
matic diagram illustrating one example of simulated moving bed according to the present invention, and Fig. 2 is a 
schematic diagram illustrating another example of simulated moving bed according to the present invention. In Fig. 1 , 
the inside of filler bed, which is a main part of the simulated moving bed, is divided into 1 2 unit filler beds. In Fig. 2, it 
is divided into eight unit filler beds. The number and size of them are detennined according to the composition, flow 
rate, and pressure loss of the enantiomeric isomer mixture-containing solution, the size of apparatus, and the like 
factors and are not particularly limited. 

[0051] In Fig. 1 , reference numerals 1 to 12 designate chambers containing filler (adsorption chambers), which are 
connected to each other. Reference numeral 1 3 designates an eluant feed line, 14 stands for an extract drawing line, 
15 indicates an enantiomeric isomer-containing liquid feed line, 16 indicates a rafflnate drawing line, 17 indicates a 
recycling line, and 18 indicates a pump. 

[0052] In the an-angement of adsorption chambers 1 to 12 and respective lines 13 to 16 shown in Fig. 1 , desorption 
operation Is performed in the adsorption chambers 1 to 3, the concentration operation is performed in the adsorption 
chambers 4 to 6, the adsorption operation Is performed in the adsorption chambers 7 to 9, and the eluant recovery 
operation is perfonned in the adsorption chambers 10 to 12. In such a simulated moving bed, each feed liquid and 
each drawing line are moved In the direction of the flow of the liquid by one adsorption chamber at a fixed time interval 
by valve operation. Therefore, in the next arrangement of adsorption chambers, the desorption operation is performed 
In the adsorption chambers 2 to 4, the concentration operation is perfomned in the adsorption chambers 5 to 7, the 
adsorption operation is perfonned in the adsorption chambers 8 to 1 0, and the eluant recovery operation is performed 
in the adsorption chambers 11 to 1. By ropoating such operations in sequence, separation treatment of a mixture of 
enantiomeric isomers can be continuously and efficiently achieved. 

[0053] Also, in the arrangement of adsorption chambers 1 to 8 and respective lines 13 to 16 shown In Fig. 2, des- 
orption operation is performed in the adsorption chamber 1 , the concentration operation is performed in the adsorption 
chambers 2 to 5, the adsorption operation is performed In the adsorption chambers 6 and 7, and the eluant recovery 
operation is performed In the adsorption chamber 8. In such a simulated moving bed. each feed liquid and each drawing 
line are moved in the direction of the flow of the liquid by one adsorption chamber at a fixed time Interval by valve 
operation. Therefore, in the next arrangement of adsorption chambers, the desorption operation is performed in the 
adsorption chamber 2, the concentration operation Is perfomned in the adsorption chambers 3 to 6, the adsorption 
operation is performed in the adsorption chambers 7 and 8, and the eluant recovery operation is perfomned in the 
adsorption chamber 1 . By repeating such operations in sequence, separation treatment of a mixture of enantiomeric 
isomers can be continuously and efficiently achieved. 

[0054] The enantiomeric isomer separation filler for simulated moving bed chromatography, enantiomeric isomer 
separation column for simulated moving bed chromatography, and method of separating enantiomeric isomers accord- 
ing to the present invention can be applied not only to enantiomeric Isomer analyzing techniques in which a wide variety 
of chiral compounds are preparatively separated and optically resolving at a high productivity in the analysis of partic- 
ularly drugs, foods, agricultural chemicals, perfumes, etc. but also to enantiomeric isomer separation on an industrial 
scale using simulated moving bed. 

[0055] The present Invention can provide an enantiomeric isomer separation filler and an enantiomeric isomer sep- 
aration column which have high productivity suitable for preparative separation by simulated moving bed chromatog- 
raphy. 

EXAiVIPLES 

[0056] Hereinafter, the present invention will be descrtoed in detail by examples. However, the present invention 
should not be considered to be limited to the examples. 

Example 1 (Amylose tris(3,5-dimethylphenyl cart3amate)-canying enantiomeric isomer separation filler having a TS 
coefficient = 0.976) 

(1) Synthesis of amylose tris (3,5-dimethylphenyl carisamate) 

[0057] Under nitrogen atmosphere, 1 GO g of amylose and 850 g of 3, 5-dimethylphenyl isocyanate were heated and 
stirred in 4 liters of dry pyridine at 1 00**C for 60 hours and the reaction mixture was poured into 60 liters of methanol. 
The solids deposited were filtered and washed with methanol, and then dried under vacuum at 60*^0 for 15 hours. As 
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a result, 335 g (yield 90%) of yellowish white powdery solid was obtained. 

(2) Carrying amylose tris (3, 5-dimethylphenyl carbamate) on a silica gel carrier 

5 [0058] The amylose trls(3,5-dlmethylphenyl carbamate) (87.5 g) obtained In (1 ) described above was dissolved in a 
8.5-fold amount (wt/vol), i.e., 747 ml, of ethyl acetate. In a planetary stirrer type mixer, 162.5 g of surface inactlvation 
treated silica gel (average particle diameter: 20 pm, average pore size: 1 ,300 Angstroms) were charged and uniformly 
coated with a 1/4 portion of the polymer dope. After completion of the coating, the solvent was distilled off under heating 
and under reduced pressure conditions. This procedure was repeated four times to obtain the objective amylose tris 

10 (3,5-dimethylphenyl carbamate)-carrying type filler having a TS coefficient of 0.976. 

(3) Preparation of a packed column for HPLC from the prepared filler 

[0059] The amylose tris(3,5-dimethylphenyl carbamate)-carrying filler having a TS coefficient of 0.976 prepared in 
IS (2) described above was packed in a stainless steel made column having a length of 25 cm, an inner diameter of 0.46 
cm (L/D = 54.3) by a slurry packing method to prepare an enantiomeric isomer separation column. 

Example 2 (Amylose tris(3,5-dimethylphenyl carbamate)-canying enantiomeric isomer separation filler having a TS 
coefficient of 0.573) 

20 

(1) Synthesis of amylose tris (3,5-dlmethylphenyl cariDamate) 

[0060] With the same technique as that in Example 1 (1 ), amylose tris (3,5-dimethylphenyl carbamate) was prepared. 

25 (2) Carrying amylose tris (3, 5-dimethylphenyl carbamate) on a silica gel carrier 

[0061] The amylose tris(3,6-dimethyfphenyl carbamate) (2 g) obtained in (1) described above was dissolved in 20 
ml of a mixed solvent composed of chlorofomi/DMAc = 9/1 (vol/vol) (1 0-fold amount (wtA^ol)). In a 300-ml three-necked 
flask, 8 g of the surface inactlvation treated silica gel used in Example 1 (2) was charged, a half amount of the polymer 
30 dope was added thereto and uniformly coated thereon by using a vane-type stlning rod. After completion of the coating, 
the solvent was distilled off under heating and under reduced pressure conditions. This procedure was repeated to 
obtain the objective amylose tris(3.5-dimethylphenyl carbamate)-carrying filler having aTS coefficient of 0.573. 

(3) Preparation of a packed column for HPLC from the prepared filler 

35 

[0062] The amylose tris(3,5-dlmethylphenyl cariDamate)-can7ing filler having a TS coefficient of 0,573 prepared In 

(2) described above was packed in a stainless steel made column having a length of 25 cm, an Inner diameter of 0.46 
cm by a slurry packing method to prepare an enantiomeric isomer separation column. 

40 Example 3 (Amylose tris(3,6-dimethylphenyl carbamate)-canying enantiomeric Isomer separation filler having a TS 
coefficient of 1.092) 

(1) Synthesis of amylose tris (3,6-dimethylphenyl cartaamate) 

45 [0063] Withthesametechnlqueasthatin Example 1 (1) , amylose tris (3,5-dimethylphenyl carbamate) was prepared. 

(2) Carrying amylose tris (3, 5-dlmelhylphenyl cariaamale) on a silica gel carrier 

[0064] The amylose tris{3, 5-dimethylphenyl cariDamate) (3.6 g) obtained in (1) above was dissolved in a 7.5-fold 
so amount (wt/vol) , i.e., 27.7 ml, of a mixed solvent of chlorofomVDMAc ^ 9/1 (vol/vol). In a 100-ml wide-mouthed egg- 
plant type flask, 5.4 g of the surface Inactlvation treated silica gel used in Example 1 (2) was charged. Then, about 6.9 
ml of the polymer dope was dripped to the silica gel and stirred with a spatula to uniformly coat tho silica gel therewith. 
Aftercompletion of the coating, the solvent was air-dried at room temperature. By repeating this procedure, the objective 
amylose tris(3.5-dimethylphenyl carbamate)-carrylng filler having a TS coefficient of 1 .092 was obtained. 

55 

(3) Preparation of a packed column for HPLC from the prepared filler 

[0065] The amylose tris(3, 5-dimethylphenyl carbamate)-carrylng filler having a TS coefficient of 1 .092 prepared in 
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(2) described above was packed In a stainless steel made column having a length of 25 cm, an Inner diameter of 0.46 
cm (L/D = 54.3) by a slurry packing method to prepare an enantiomeric isomer separation column. 

Example 4 (Amylose trls(3,5-dlmethylphenyl carbamate)-carrying enantiomeric Isomer separation filler having a TS 
coefficient of 0.796) 

(1) Synthesis of amylose trls (3,5-dimethylphenyl carbamate) 

[0066] With the same techniq ue as that in Example 1(1), amylose tris (3,5-dimethylphenyl carbamate) was prepared. 

(2) Canning amylose tris(3,5-dimethylphenyl carbamate) on a silica gel carrier 

[0067] The amylose tris(3,5-dimethylphenyl carbamate) (750 g) obtained in (1) above was dissolved In a 8.8-foId 
amount (wt/vol) , i.e., 6.6 liters, of chlorofomri/DMAc = 95/5 (vol/vol). In a planetary stirrer type mixer, 1 .75 kg of surface 
inactivation treated silica gel used in Example 1 (2) was charged and uniformly coated with a 1/3 portion of the polymer 
dope. Aftercompletion of the coating, the solvent was distilled off under heating and under reduced pressure conditions. 
This procedure was repeated three times to obtain the objective amylose tris (3, 5-dimethylphenyl carbamate)-carrylng 
type filler having a TS coefficient of 0.796. 

(3) Preparation of a packed column for HPLC from the prepared filler 

[0068] The amylose tris(3,5-dlmethylphenyl carbamate)-carrying filler having a TS coefficient of 0.796 prepared in 
(2) above was packed in a stainless steel made column having a length of 25 cm, an Inner diameter of 0.46 cm by a 
slurry packing method to prepare an enantiomeric isomer separation column. 

Example 5 (Amylose tris(3,5-dimethylphenyl carbamate)-can7ing enantiomeric isomer separation filler having a TS 
coefficient of 0.645) 

(1 ) Synthesis of amylose trls (3,5-dimethylphenyl cariaamate) 

[0069] With the same technique as that In Example 1 (1 ), amylose tris (3,5-dimethylphenyl carbamate) was prepared. 

(2) Carrying amylose tris (3, 5-dlmethylphenyl cartsamate) on a silica gel carrier 

[0070] The amylose tris(3i5-dlmethylphenyl cariaamate) (12.5 g) obtained In (1) above was dissolved in 125 ml of 
ethyl acetate (10-fold amount (wt/vol)). In a 500-ml three-necked flask, 37.5 g of surface inactivation treated silica gel 
was charged. Then, a half amount of the polymer dope was added and unifonnly coated on the silica gel by using a 
vane-type stirring rod. After completion of the coating, the solvent was distilled off under heating and under reduced 
pressure conditions. By repeating this procedure, the objective amylose tris(3,5-dimethylphenyl carbamate)-carrylng 
filler having a TS coefficient of 0.645 was obtained. 

(3) Preparation of a packed column for HPLC from the prepared filler 

[0071] The amylose tris(3,5-dimethylphenyl carbamate)-carrylng filler having a TS coefficient of 0.645 prepared in 
(2) above was packed In a stainless steel made column having a length of 25 cm, an Inner diameter of 0.46 cm by a 
slurry packing method to prepare an enantiomeric isomer separation column. 

Comparative Example 1 (/Xylose tris(3,5-dimethylphenyl carbamate)-carrying enantiomeric Isomer separation filler 
having a TS coefficient of 0.342) 

(1) Synthesis of amylose tris (3,5-dimethylphenyl cari3anriate) 

[0072] With thesametechniqueas that in Example 1 (1) , amylose tris (3,5-dimethylphenyl carbamate) was prepared. 

(2) Canning amylose tris (3,5-dimethylphenyl carbamate) on a silica gel earner 

[0073] The amylose tris(3,5-dimethylphenyl carbamate) (2.5 g) obtained in (1) described above was dissolved in 25 
ml of ethyl acetate (10-fold amount (wt/vol)). In a 300-ml three-necked flask, 22.6 g of the surface inactivation treated 
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silica gel used In Example 1 (2) was charged. Then, the total amount of the polymer dope was added and uniformly 
coated on the silica gel by using a vane-type stirring rod. Atter completion of the coating, the solvent was distilled off 
under heating and under reduced pressure conditions to obtain the objective amylose tris(3.5-dlmethylphenyl car- 
bamate)-carrylng filler having a TS coefficient of 0.342. 

(3) Preparation of a packed column for HPLC from the prepared filler 

[0074] The amylose tris(3,5-dimethylphenyl carbamate)-can7lng filler having a TS coefficient of 0.342 prepared in 
(2) described above was packed in a stainless steel made column having a length of 25 cm. an Inner diameter of 0.46 
cm by a slurry packing method to prepare an enantiomeric isomer separation column. 

Comparative Example 2 (Amylose tris(3,6-dimethylphenyl carbamate)-carrying enantiomeric Isomer separation filler 
having a TS coefficient of 0.289) 

IS (1 ) Synthesis of amylose tris (3,5-dimethylphenyl carbamate) 

[0075] With the same technique as that In Example 1 (1 ), amylose trIs (3,5-dlmethylphenyl carbamate) was prepared. 

(2) Canying amylose tris(3,5-dimethylphenyl carbamate) on a silica gel carrier 
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[0076] The amylose tris(3,6-dimethylphenyl carbamate) (0.3 g) obtained in (1 ) described above was dissolved in a 
6.6-fold annount (wt/vol), i.e., 2 ml, of ethyl acetate. In a 1 00-ml wide-mouthed egg-plant type fiask, 5.7 g of the surface 
Inactlvatlon treated silica gel used in Example 1 (2) was charged. Then, total amount of the polymer dope was dripped 
to the silica gel and stirred with a spatula to uniformly coat the silica gel therewith. After completion of the coating, the 
solvent was air-dried at room temperature to be removed. By this procedure, the objective amylose tris (3,5-dimethyl- 
phenyt carbamate) -canying filler having a TS coefficient of 0.289 was obtained. 

(3) Preparation of a packed column for HPLC from the prepared filler 

[0077] The amylose tris(3,5-dimethylphenyl carbamate)-carrying filler having a TS coefficient of 0.289 prepared In 
(2) above was packed in a stainless steel made column having a length of 25 cm, an inner diameter of 0.46 cm by a 
slurry packing method to prepare an enantiomeric isomer separation column. 

Comparative Example 3 (Amylose tris(3,5-dlmethylphenyl cari3amate)-canying enantiomeric isomer separation filler 
35 having a TS coefficient of 0.435) 

(1) Synthesis of amylose tris (3,5-dimethylphenyl carbamate) 

[0078] With the same technique as that in Example 1 (1 ), annylose tris (3,5-dimethylphenyl carbamate) was prepared. 

(2) Canrying amylose tris (3,5-dimethylphenyl cariDamate) on a silica gel earner 



40 



[0079] The amylose tris(3,5-dimethylphenyl carbamate) (1 .65 g) obtained In (1 ) described above was dissolved In a 
8.0-fold amount (wt/vol), i.e., 13.2 ml, of ethyl acetate. In a 200-ml wide-mouthed egg-plant type flask, 9.35 g of the 
surface inactlvatlon treated silica gel used in Example 1 (2) was charged. Then, a half amount of the polymer dope 
was dripped to the silica gel and stirred with a spatula to unlfomily coat the silica ge! therewith. After completion of the 
coaling, the solvent was dislitted off in a hoi water balh under reduced condilions by use of an aspirator while rolaling 
the flask by an evaporator. By repeating this procedure, the objective amylose tris(3,5-dimethylphenyl carbamate) 
-carrying filler having a TS coefficient of 0.435 was obtained. 

(3) Preparation of a packed column for HPLC from the prepared filler 

[0080] The amylose tris(3,5-dimethylphenyl cari3amate)-carrying filler having a TS coefficient of 0,436 prepared in 
(2) above was packed in a stainless steel made column having a length of 25 cm, an inner diameter of 0,46 cm by a 
55 slurry packing method to prepare an enantiomeric Isomer separation column. 
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Comparative Example 4- 

[0081] Enantiomeric isomer separation filler (CHIRALPAKAD, trade name for a product by Daicel Chemical Indus- 
tries, Ltd.) as a filler was packed In a stainless steel made column having a length of 25 cm and an Inner diameter of 
0.46 cm by a slurry packing method to prepare an enantiomeric isomer separation column. Upon measurement, the 
obtained filler had a TS coefficient of 0.501 . 

Application Example 1 

[0082] By using enantiomeric isomer separation columns for HPLC packed with fillers of silica gel carrying thereon 
amylose tris(3,5-dimethylphenyl carbamate) preparations prepared In Examples 1 to 5 and Comparative Examples 1 
to 4, respectively, liquid chromatography was perfomned under the following conditions to measure elutlon time of TS 
(tetrakis (trimethylsilyl) silane) [t (TS) (min.)] and TS coefficients were calculated therefrom according to the following 
formula. The measured TS elution time and calculated TS coefficients are shown in Table 1 . Note that the elution time 
of TS In a state where no column was connected was 0.16 minutes. 

<Analytical conditions upon TS measurement> 

[0083] 

Moving phase: n-hexane/2-propanol = 9/1 (v/v) 
Flow velocity: 1 .0 ml/min. 
Temperature: 25'=' C 
Detection: 210 nm 

Charged TS concentration: 5.0 mg/ml (moving phase) 
<TS calculation formula> 
[0084] 

Vc: 0.23 X 0.23 X 3.14 X 25 = 4.15 cm^, FR: 1.0 ml/min.. t(blank): 

0.16 min. 



TS coefficient = [4.15 - [t(TS) - 0.16] x 1 .0]/[t(TS) - 0.16] x 1 . 0 



Separation column 


Content of polysaccharide 
derivative 
(mass%) 


Number of coating times of 
dope 


TS elution time 
(min) 


TS coefficient 


Ex. 


1 


" 35 


4 


2.21 


0.976 




2 


20 


2 


2.72 


0.573 




3 


40 


4 


2.10 


1.092 




4 


30 


3 


2.41 


0.796 




5 


25 


2 


2.61 


0,645 


Com. Ex. 


1 


10 


1 


3.16 


0.342 




2 


5 


1 


3.27 


0.289 




3 


16 


1 


2.96 


0.435 




4 






2.84 


0.501 
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Application Example 2 

[0085] 50 \i\ of a solution In which 50 mg of compound I of the formula below is dissolved in 1 .0 ml of moving phase 
(ethanol) was charged In the enantiomeric isomer separation columns prepared in Examples 1 to 5 and Comparative 
Example 1 to 4 to obtain chromatograms shown in Figs. 3 to 11, respectively. 




Compound I 

20 [0086] Furthemnore, the fillers prepared In Examples 1 to 5 and Comparative Examples 1 to 4 were packed in ad- 
sorption chambers 1 to 8 of a small-sized simulated moving bed type continuous liquid preparative chromatography 
apparatus shown in Fig. 12, compound I of the fonnula above was actually separated therein under the conditions set 
forth below and then raffinate component productivity of each filler was determined. The results obtained are shown 
in Table 2. The optical purity of the obtained raffinate components were all 97% ee or more 

<P reparative separation conditlons> 

[0087] 

30 Temperature: 25**C 

Moving phase: Ethanol 
Step time: 1.5 min. 

Feed concentration (concentration of compound (l)-containing ethanol solution): 50 mg/ml 
Detection wavelength: 270 nm 

35 

[0088] Note that each flow velocity shown in Table 2 has the following meaning. 

Feed flow velocity: Flow velocity of compound (l)-contamlng ethanol from line 15 
Flow velocity of raffinate: Flow velocity in line 16 
40 Flow velocity of extract: Flow velocity in line 14 

Flow velocity of eluant: Flow velocity of ethanol from line 13 
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Claims 

1 . A filler for enantiomeric isomer separation for simulated moving bed chromatography having a porous carrier car- 
rying a polysaccharide derivative thereon, wherein the filler has a TS coefficient in a range of 0.55 to 1 .20, the TS 
coefficient being defined by the below shown formula (I), obtained by using an enantiomeric Isomer separation 
column for simulated moving bed chromatography In which the filler is filled In a column tube by a slurry filling 
method: 



TS coefficient - [Vc - [t(TS) - 1 (blank) ] x FR] / [t{TS) - t(blank)] 

X FR (I) 



15 



20 



(wherein abbreviations mean the following: . 

Vc (cm^): a column volume; 
FR (ml/mln.): a flow velocity; 

t(TS) (min.): an elution time fortetrakls(trlmethylsllyl)sllane (= TS); and 
l(blank) (mIn.): an elullon lime for TS In the stale where the column is not connected). 

2. The filler for enantiomeric isomer separation for simulated moving bed chromatography according to claim 1 , 
wherein the TS coefficient Is 0.55 to 1 .0. 

3. The filler for enantiomeric isomer separation for simulated moving bed chromatography according to claim 1 , 
25 wherein the TS coefficient is above 1 .0 and not greater than 1 .20. 

4. The filler for enantiomeric Isomer separation for simulated moving bed chromatography according to claim 1, 
wherein the porous cannier is silica gel having a particle diameter of 1 ^im to 300 \xm and an average pore diameter 
of 200 Angstroms to 8,000 Angstroms. 

30 

5. The filler for enantiomeric isomer separation for simulated moving bed chromatography according to any one of 
claims 1 to 4, wherein the polysaccharide derivative is cellulose ester derivatives, cellulose carbamate derivatives^ 
amytose ester derivatives or amylose carbamate derivatives. 

35 6. The filler for enantiomeric isomer separation for simulated moving bed chromatography according to claim 1 , 
wherein the carrying amount of polysaccharide derivative In the enantiomeric isomer separation filler for simulated 
moving bed chromatography Is 23 to 40% by mass. 

7. The filler for enantiomeric Isomer separation for simulated moving bed chromatography according to claim 1, 
40 wherein the carrying amount of polysaccharide derivative in the enantiomeric isomer separation filler for simulated 

moving bed chromatography is 25 to 35% by mass. 

8. The filler for enantiomeric isomer separation for simulated moving bed chromatography according to claim 1 , 
wherein the filler has an ability of treating a mixture of enantiomeric isomers (racemic form) at a rate such that 

45 mass (kg) of racemic fomi treated per 1 kg of the filler a day is 0.1 to 4 kg-racykg-CSP/day. 

9. A method of producing the enantiomeric isomer separation filler for simulated moving bed chromatography ac- 
cording to claim 1 , comprising coating a porous carrier with a polysaccharide derivative dope in a plurality of times. 

so 10. An enantiomeric isomer separation column for simulated moving bed chromatography, comprising a column having 
packed therein the enantiomeric isomer separation filler for simulated moving bod chromatography as sot forth In 
claim 1 . 



11. The enantiomeric isomer separation column for simulated moving bed chromatography according to claim 10, 
55 wherein the column has a ratio of column length (L) to column inner diameter (D) , UD, of 0.01 to 100, 

12. A method of separating enantiomeric isomers, comprising performing preparative separation of enantiomeric iso- 
mers by simulated moving bed chromatography by using the enantiomeric isomer separation filler for simulated 
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moving bed chromatography as set forth in claim 1 . 

13. A method of separating enantiomeric isomers, comprising performing preparative separation of enantiomeric iso- 
mers by simulated moving bed chromatography by using the enantiomeric isomer separation column for simulated 
moving bed chromatography as set forth in claim 10 or 11 , 
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Fig. 1 
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Fig. 3 
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Fig. 5 
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Fig. 7 
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Fig. 9 
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Fig. 11 
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